A cell wall-associated polysaccharide has been isolated from a noncapsulated mutant, 89R50, of the alpha-hemolytic filamentous streptococcus of provisional capsular type 89. Chemical analysis of the polysaccharide indicates that it consists of galactosamine, glucosamine, glucose, and phosphorus. Immunological cross-reactivity was observed between the streptococcal cell wall antigen and antibody to the cell wall-like capsular polysaccharide of pneumococcus. This cross-reactivity appears attributable to similarities in the teichoic acid moieties rather than in the mucopeptide moieties of the two polymers. No chemical or immunological differences were observed in the cell wall carbohydrate of the noncapsulated streptococcus, 89R50, and that of its capsulated progenitor. It is suggested that antibody to this cell wall polysaccharide might serve as a basis for grouping other filamentous strains of streptococci of diverse capsular types, the cell wall antigens of which show similar cross-reactivity with that of pneumococcus.
Previous studies have indicated that immunological cross-reactivity exists between the cellular antigens of some strains of alpha-and nonhemolytic filamentous streptococci of the human respiratory tract and the C, or cell wall, polysaccharide of pneumococcus (2) . In an extension of the initial observations, a cell wall carbohydrate, reacting with an antiserum to the C8, or cell wall-like capsular polysaccharide of pneumococcus (5) and consisting of glucose, galactose, glucosamine, galactosamine, and phosphorus, was isolated from the prototypic strain of the alpha-hemolytic filamentous streptococcus provisionally designated type 83 (16) . Studies of the cell wall antigen of this organism demonstrated that an immunological similarity existed between it and the cell wall antigen of pneumococcus, but the immunochemical basis for this cross reactivity was not defined.
The C and C8 polysaccharides of pneumococcus are composed of two polymeric subunits, a mucopeptide and a teichoic acid (6, 11, 23) . The teichoic acid moiety of the C polysaccharide consists of a repeating unit of N-acetylgalactosaminyl-glycosyl-N-acetyldiaminotrideoxyhexosyl-ribitol-5-phosphate (6) , with choline phosphate attached to the ribitol residues of the backbone structure (23) . This teichoic acid polymer in turn is linked to the mucopeptide moiety to form the macromolecular structure of pneumococcal C polysaccharide (11) .
Immunochemical analysis of pneumococcal C polysaccharide by Gotschlich and Liu (11) indicated clearly that this polymer had two major antigenic determinants, the teichoic acid and the pentapeptide moiety of the mucopeptide. Schiffman et al. (28) extended these observations by demonstrating that the mucopeptide moiety or the region of its attachment to the teichoic acid might also serve as immunochemical determinants of pneumococcal C and C. polysaccharides.
The studies described below indicate that the immunological cross-reactivity observed between the cell wall antigen of a filamentous alpha-hemolytic streptococcus and the C polysaccharide of pneumococcus is dependent, at least in part, upon the structural similarities of their teichoic acids and not upon their cell wall mucopeptides. sional Preparation of cell walls, group-specific carbohydrates, and mucopeptides. Cell walls and mucopeptides were prepared by methods described previously (4, 13, 14) . Group-specific carbohydrates were extracted from the cell walls of streptococcal strain 89R50 and from pneumococcal strain R36NC with cold trichloroacetic acid according to the method of Park and Hancock (24) .
Analytical methods. Methods for the assay of glucose, glucosamine, galactosamine, muramic acid, rhamnose, and amino acids were those described previously (8, 9, 17, 26, 30) . Total phosphorus was measured by the method of Chen et al. (7) .
Ion-exchange chromatography. Diethylaminoethyl-cellulose chromatography was performed by the method described by Young (31) as modified by Karakawa and Krause (17) . Paper chromatography was carried out by the method of Pazur et al. (25) , using a solvent of butyl alcohol-pyridine-water in a ratio of 6:4:3.
Precipitin analyses. Quantitative precipitin tests were performed by a modification of the method of McCarty and Lancefield (22) described by Karakawa et al. (18) . Double diffusion tests in agar gels were done by the method described by Karakawa and Kane (15) . Mucopeptide, solubilized by ultrasonic treatment for 15 min in a 20-kc sonic oscillator (14) , was used in the precipitin tests.
Protein determinations. Total protein in antibodies to mucopeptide and to carbohydrate was determined by the biuret method (10) .
Preparation of antisera. Antisera were prepared in rabbits by intravenous immunization with formalinized, heat-killed vaccines according to a method described previously (3) .
RESULTS
Earlier studies have drawn attention to the immunological cross-reactivity between the C. capsular polysaccharide of pneumococcus (5) and a variety of strains of capsulated filamentous alpha-and nonhemolytic streptococci of the human respiratory tract (2, 16 Table 1 shows a comparison of the chemical composition of the cell wall antigens of streptococcus 89R50 and of pneumococcal strain R36NC, isolated from cell walls by the trichloroacetic acid procedure and purified by diethylaminoethyl-cellulose chromatography as described previously (17) . Both the carbohydrate of strain 89R50 and the C polysaccharide of pneumococcus contained glucosamine, galactosamine, glucose, and phosphorus. It is noteworthy that muramic acid, a structural component of mucopeptide, was observed in abundance in the pneumococcal C polysaccharide but was present in only moderate amounts in the cell wall preparation from strain 89R50. The presence of muramic acid in the former clearly indicates that pneumococcal C polysaccharide includes a mucopeptide fraction, and this finding is in essential agreement with that reported previously (11, 23) . In addition, it should be noted that the mole ratio of glucosamine to galactosamine in the antigen from streptococcus 89R50 was markedly different from that of the C polysaccharide of pneumococcus. These findings indicate that, although the cell wall antigens of both the streptococcus and pneumococcus possess similar chemical constituents, differences exist which account for their nonidentical immunochemical behavior. Cross-reactivity between the cell wall antigen of streptococcal strain1 89R50 and pneumococcal C polysaccharide. Although antibodies to cell wall antigens of streptococcus 89R50 were produced by rabbits immunized with vaccines of this organism, the titer of such antibodies was consistently low. Because of this finding, antiserum to the C. polysaccharide of pneumococcus, rich in cross-reacting antibodies to the cell wall antigen of strain 89R50, was used in this study. Illustrated in Fig Pneumocbccal C polysaccharide is composed of two major heteropolymers: teichoic acid and mucopeptide (11, 23) . It has been shown that galactosamine-PO is the immunodominant determinant of the teichoic acid (11) , whereas the immunochemical determinants of the mucopeptide are diyerse. Mucopeptide is composed of three principal moieties: a hexosamine polymer consisting of repeating units of N-acetylglucosamine and N-acetylmuramic acid, a peptide chain linked to muramic acid residues of the hexosamine polymer, and amino acid or peptide bridges which cross-link the peptide chains attached to the hexosamine polymer (27) . Although in all instances studied (17) (18) (19) (20) these three components of mucopeptide have been found to be antigenic, the peptide consisting of D-alanyl-D-alanine has been shown to be the immunodominant determinant (20, 29) . Noteworthy also are the findings of Schiffman et al. (28) that pneumococcal C and C8 polysaccharides possess a multiplicity of antigenic determinants including the teichoic acid moiety, the mucopeptide moiety, and perhaps the region of attachment of the latter to the teichoic acid moiety. It is possible that any of the components of pneumococcal C polysaccharide, singly or in combination, may function as the antigenic determinant(s) responsible for the cross-reactivity between the cell wall antigens of some filamentous streptococci and pneumococcus.
To elucidate the immunochemical basis for the cross-reactivity between the cell wall antigen of streptococcal strain 89R50 and antibody to pneumococcal C8 polysaccharide, the following experiments were designed. Emphasis was placed upon determining the relative immunochemical importance of the teichoic acid and mucopeptide moieties and their relationship to the cross-reaction between the streptococcal cell wall antigen and anti-C8 pneumococcal serum. Table 2 the common structural components of mucopeptides derived from both gram-negative and gram-positive bacteria, On the other hand, diaminopimelic acid (DAP) has been shown to be a structural component of the mucopeptides of gram-positive and gram-negative bacilli, whereas lysine has been found in its place in gram-positive cocci. In addition, the peptide bridges of these mucopeptides have been shown to differ in many instances. Figure 2 shows the results of quantitative precipitin reactions between purified mucopeptides rich in lysine and those rich in DAP and a selected antiserum to mucopeptide derived from rabbits immunized with a group A-variant streptococcal vaccine. In all instances, a significant precipitin reaction was observed between each mucopeptide and the selected anti-mucopeptide serum. The results suggest that this antiserum contains antibodies to the hexosamine polymer or to the peptide chains of mucopeptide but little or no antibody to the cross-linking peptide bridges. Quantitative precipitin inhibition tests using various synthetic polypeptides of D-alanine and N-acetylglucosamine clearly indicated that the antibodies present in the selected antimucopeptide serum are directed predominantly against the peptide moiety rather than the hexosamine moiety of the mucopeptides. In addition, the quantitative precipitin inhibition tests showed that the antibodies are directed predominantly against the terminal D-alanyl-D-alanine. This conclusion is based upon data indicating that neither lysine nor DAP plays a role in the mucopeptide precipitin reaction and that D-alanyl-D-alanine has been shown to be a potent inhibitor of that reaction. The results indicate that the selected antimucopeptide serum is rich in antibodies to the C-terminal end of the peptide chains consisting of D-alanyl-D-alanine dipeptides and is virtually devoid of antibodies to the hexosamine moiety of mucopeptide. This monospeicifc antiserum to mucopeptide was used in immunochemical studies to determine the immunochemical basis for the cross-reactivity of the streptococcal cell wall antigen and an antiserum to pneumococcal C. polysaccharide. Table 3 shows the results of chemical analyses of the mucopeptides of streptococcal strain 89R50 and pneumococcus R36NC extracted from cell walls by the hot trichloroacetic acid (18) . Note that the compositions of these mucopeptides are similar to those of other bacterial mucopeptides ( Table 2 ) and consistent with findings obtained by other investigators (11, 13, 17, 18, 21, 23, 27) . Figure 3 shows the results of immunological studies of the.streptococcal and pneumococcal mucopeptides described in Table  3 together with those of the purified mucopeptide of a group B beta-hemolytic streptococcus. Analysis of the quantitative precipitin reactions depicted in the left frame indicates that the mucopeptides of streptococcal strain 89R50 and of the pneumococcus gave little or no reaction with the selected antiserum to mucopeptide rich in antipeptide antibodies. In contrast, Quantitative precipitin reactions between purified streptococcal group B mucopeptide, the mucopeptides of streptococcus type 83 and pneumococcus R36NC, and 0.1 ml of antiserum to the mucopeptide of group A-variant streptococci (left frame) and 0.1 ml of antiserum to C8 pneumococcal polysaccharide (right frame). these same mucopeptides gave moderate reactions with antiserum to C. pneumococcal polysaccharide, whereas that of the group B streptococcus gave none. In view of the specificity of the anti-mucopeptide serum, the findings can be interpreted to suggest that the antiserum to pneumococcal C. polysaccharide is essentially devoid of antibodies to D-alanyl-D-alanine but may contain antibodies to the hexosamine moiety or to some other component of pneumococcal mucopeptide. Because of the possibility that antibodies to the hexosamine moiety of mucopeptide could be present in the pneumococcal antiserum, it was absorbed with a purified heterologous mucopeptide from a group B streptococcus. Figure 4 shows th-e quantitative precipitin reactions between pneumococcal C polysaccharide, the cell wall carbohydrate of streptococcal strain 89R50, both extracted with cold trichloroacetic acid, and antiserum to pneumococcal C. polysaccharide before and after absorption. The amounts of antibody precipitated by the cell wall carbohydrates of both the streptococcus and the pneumococcus from the antiserum both before and after absorption with purified mucopeptide are essentially the same. These findings strongly suggest that the cross-reactivity between the cell wall carbohydrates and the antiserum to pneumococcal C. polysaccharide is not related to the mucopeptide moiety of the former. Rather, the observed cross-reactivity between the cell wall carbohydrates of streptococcal strain 89R50 and of pneumococcus may be a reflection of the fact that both polymers include teichoic acid moieties which possess similar immunochemical determinants.
Enzymatic analysis of the cell wall carbohydrate of streptococcal strain 89R50. Glucose is a major component of the cell wall carbohydrate of streptococcus 89R50, and it is present also in the C polysaccharide of pneumococcus (Table 1 ). In view of the presence of glucose residues in both of these polymers, the possibility that they may serve as immunodeterminants of their cross-reactivity was investigated. Samples of the cell wall antigen of strain 89R50 were treated with a-D-glucosidase or ,B-D-glucosidase and subjected to paper chromatography (12, 25) . In Table 4 . Chemical analysis of the enzyme-treated antigen showed a net loss of approximately 50% of its glucose residues, whereas no reduction in the content of hexosamine was observed. The result suggests that the reduction of total glucose in the nondialyzable fraction was due to the release of D-glucose from the polymer. That this is the case is shown in column 3 of Table 4 , which indicates that the dialyzable fraction contains significant amounts of free D-glucose residues as determined by the D-glucose oxidase test. The findings indicate clearly that the glucose residues of the cell wall antigen of streptococcal strain 89R50 are not involved in its cross-reactivity with pneumococcal C polysaccharide. This observation notwithstanding, a-D-glucose residues may still be antigenic determinants of the cell wall antigen of strain 89R50 in its reactions with other antisera. DISCUSSION The alpha-and nonhemolytic streptococci of the human respiratory tract comprise a large and heterogenous group of organisms whish produce capsular and cell wall antigens of diverse composition (2) . Previous attempts to classify most of these organisms have been largely unsuccessful because of inadequate knowledge of the immunochemical properties of their capsular and cell wall antigens. A recent systematic study of a large number of capsulated filamentous streptococcal strains isolated from human respiratory secretions has resulted in the recognition of more than 30 capsular serotypes (2) . In an extension of these observations, it was shown also that many of these strains possess cell wall antigens which cross-react significantly with C polysaccharide of pneumococcus (2) . Preliminary evidence has suggested that the cross-reacting cell wall antigens of these filamentous streptococci have similar immunological features and might represent, therefore, a common group-specific antigen. Previous studies have shown that the cell wall antigen of the prototypic strain of filamentous streptococcal capsular type 83 contains galactosamine, glucosamine, glucose, and phosphorus (16) . Although an immunological relationship was demonstrated between this antigen and pneumococcal C polysaccharide, the immunochemical basis for the cross-reactivity was not defined.
Most preparations of purified pneumococcal C polysaccharide tend to be quite heterogeneous with respect to their molecular weights, which range from 65,000 to over 200,000 (11) . This heterogeneity could account, in part, for differences in the structure of C polysaccharide proposed by several investigators (6, 11, 23) . Gotschlich and Liu (11) suggested a structure which consisted of repeating units of #-N-acetyl-D-galactosamine-1-phosphate (teichoic acid) cross-linked to a mucopeptide moiety by phosphodiester bonds attached to the muramic acid. Brundish and Baddiley (6) proposed that the teichoic acid of pneumococcus was composed of repeating units of N-acetvlgalacto-amninvlglycosyl -P4 -acetyldiaminotrideoxyhexosylribitol-5-phosphate with choline phosphate attached to the ribitol. Mosser and Tomasz (23) suggested a structure for C polysaccharide in which a teichoic acid similar to that proposed by Brundish and Baddiley (6) (28) showed that subtle immunochemical differences exist both among the C and C8 polysaccharides of diverse strains of this organism. By using selected antisera containing high titers of antibody to either the teichoic acid or mucopepticle moiety of C and C8 polysaccharide, these investigators were able to show that the immunological differences among them resided in the mucopeptide moiety or in the region of its attachment to the teichoic acid. This conclusion is consistent with the observation of Brundish and Baddiley that the teichoic acids of several pneumococcal strains were identical.
The present studies describe the immunochemical basis for the cross-reactivity between the cell wall antigen of a filamentous streptococcus and antiserum to pneumococcal C. polysaccharide. It has been shown that the cell wall antigen of the noncapsulated variant, 89R50, derived from the alpha-hemolytic filamentous streptococcus of provisional capsular type 89, consists of galactosamine, glucosamine, glucose, and phosphorus. It has also been shown that this antigen reacts significantly with antibodies to the heterologous C. polysaccharide of pneumococcus. Immunochemical analysis prompted by this observation indicates that antibodies to the teichoic acid moiety rather than to the mucopeptide moiety of the pneumococcal C. antigen are responsible for their crossreactivity with the cell wall antigen of streptococcal strain 89R50. Antiserum to pneumococcal C. polysaccharide absorbed with purified group B streptococcal mucopeptide still reacted strongly with the cell wall antigen of strain 89R50.
At present, detailed knowledge of the structure of the cell wall antigen of strain 89R50 is lacking. Partial acid hydrolysis of the antigen has failed to yield any oligosaccharides which could be used in the eluicidation of its structure.
Studies of enzymatic hydrolysis with a-Dglucosidase, however, have indicated that approximately 50% of the glucose residues of the cell wall polymer of strain 89R50 are alphalinked terminal residues of D-glucose. Although 50% of the glucose residues were removed from the antigen by the enzyme, it still reacted strongly with antiserum to pneumococcal C. 
